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(54) THIN FILM FORMING APPARATUS CLEANING METHOD 



(57) A cleaning process for cleaning a thermal 
processing apparatus includes: a heating step of heat- 
ing an interiorof a reaction tube at 300°C, and acleaning 
step of removing deposits deposited in the thermal 



processing apparatus, In the cleaning step f a cleaning 
gas containing fluorine gas, chlorine gas and nitrogen 
gas is supplied into the interior of the reaction tube heat- 
ed at 300°C to remove silicon nitride so to ciean an in- 
terior of the thermal processing apparatus. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a thin film dep- 
osition apparatus cleaning method and. more specifical- 
ly, to a thin film deposition apparatus cleaning method, 
for removing deposits deposited on the inner surface of 
the thin film deposition apparatus during a process for 
forming a thin film on a workpiece, such as a semicon- 
ductor wafer. 

BACKGROUND ART 

[0002] A semiconductor device fabricating procedure 
includes a thin film deposition process, such as a CVD 
process (chemical vapor deposition process), for form- 
ing a thin film, such as a silicon dioxide film, a silicon 
nitride film or the like, on a workpiece, such as a semi- 
conductor wafer. Such a thin film deposition process us- 
es a thermal processing apparatus as shown in Fig. 15 
to form a thin film on a semiconductor wafer by the fol- 
lowing procedure. 

[0003] A heater 53 heats a double-wall reaction tube 
52 consisting of an innertube 52a and an outertube 52b 
at a predetermined temperature. A wafer boat 55 hold- 
ing a plurality of semiconductor wafers 54 is loaded into 
the reaction tube 52 (inner tube 52a). Gases in the re- 
action tube 52 are discharged through an exhaust port 
56 to set the interior of the reaction tube 52 at a prede- 
termined reduced pressure. After the interior of the re- 
action tube 52 has been set at the predetermined re- 
duced pressure, process gases are supplied through a 
gas supply pipe 57 into the innertube 52a. The process 
gases undergo a thermal reaction, and a reaction prod- 
uct produced by the thermal reaction deposits on the 
surfaces of the semiconductor wafers 54 to form thin 
films on the surfaces of the semiconductor wafers 54. 
[0004] Waste gases produced by the thin film deposi- 
tion process are discharged outside the thermal 
processing unit 51 through an exhaust pipe 58 connect- 
ed to the exhaust port 56. A trap and a scrubber and 
such, not shown, are placed in the exhaust pipe 58. The 
trap removes the reaction product and other substances 
contained in the waste gases to discharge the waste 
gases from the thermal processing unit 51 after render- 
ing the waste gases harmless. 

[0005] The reaction product produced by the thin film 
deposition process deposits not only on (adheres not 
only to) the surfaces of the semiconductor wafers 54, 
but also on (but aiso to) the inner surfaces of the thermal 
processing unit 51 including the inner surface of the in- 
nertube 52a and the surfaces of jigs. If thethin film dep- 
osition process is continued in the thermal processing 
unit 51 with the reaction product adhering to the inside 
surfaces of the thermal processing unit 51 , the reaction 
product will eventually come off and produce particles. 
The particles contaminate the semiconductor wafers 54, 



which reducesthe yield of semiconductor devices which 
are manufactured using the semiconductor wafers 54 
contaminated with those particles. 
[0006] To avoid such troubles, a cleaning process is 

5 carried out after the thin film deposition process has 
been repeated several times to clean the thermal 
processing unit 51 . The cleaning process heats the re- 
action tube 52 at a predetermined temperature by the 
heater 53, supplies a cleaning gas, such as a fluoride 

10 gas, into the heated reaction tube 52 to remove by etch- 
ing the reaction product adhering to the inner surfaces 
of the thermal processing unit 51 . 
[0007] The fluoride gas for such a purpose is a per- 
fluorocompound, such as CF 4 , C 2 F 6 , l\IF 3 or SF 6 . Gen- 

15 erally, the perfluorocompond has a iong life. For exam- 
ple, CF 4 lasts 50,000 years or longer. The emission of 
the perfluorocompound into the atmosphere causes glo- 
bal warming. Since there is the possibility that the use 
of the fluoride gas as a cleaning gas negatively affects 

20 the global environment, studies have been made to use 
a cleaning gas other than the perfluorocompound, such 
as fluorine gas (F 2 ). 

[0008] The interior of the reaction tube 52 must be 
heated at the predetermined temperature to make the 
25 cleaning gas etch the reaction product at a desired etch 
rate to remove the reaction product deposited on the in- 
ner surfaces of the thermal processing unit 51 . The in- 
terior of the reaction tube 52 needs to be heated at a 
high temperature of , for example, 400° C, to etch the de- 
30 posited reaction product at a desired etch rate using flu- 
orine gas as a cleaning gas. 

[0009] If the interior of the reaction tube 52 is heated 
at such a high temperature of 400°C, the reaction tube 
52 formed of quartz and the jigs formed of silicon carbide 
35 (SiC) are etched at etch rates higher than that at which 
the reaction product is etched, and reaction product se- 
lectivity, i.e., the ratio between etch rates forthe reaction 
product and the material, decreases. Consequently, the 
reaction tube 52 formed of quartz, and the jigs formed 
40 of SiC are deteriorated when the reaction deposit is re- 
moved. 

DISCLOSURE OF THE INVENTION 

45 [0010] The present invention has been made in view 
of the foregoing problems and it is therefore an object 
of the present invention to provide a thin film deposition 
apparatus cleaning method capable of removing depos- 
its deposited inside the thin film deposition apparatus, 
50 suppressing the deterioration of a reaction vessel and 
jigs. 

[0011] Another object of the present invention is to 
provide a thin film deposition apparatus cleaning meth- 
od capable of etching deposits deposited inside the thin 
55 fjim deposition apparatus at a high etch rate. 

[0012] A third object of the present invention to pro- 
vide a thin film deposition apparatus cleaning method 
capable of removing deposits deposited inside thethin 
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film deposition apparatus with the interior of a reaction 
vessel heated at a low temperature. 
[0013] According to the present invention, a thin film 
deposition apparatus cleaning method of cleaning a thin 
film deposition apparatus by removing deposits adher- 
ing to an inner surfaces of the thin film deposition appa- 
ratus after depositing thin films on workpieces by sup- 
plying a process gas into a reaction vessel included in 
the thin film deposition apparatus comprises the steps 
of: heating an interior of the reaction vessel at a prede- 
termined temperature; and cleaning an interior of the 
thin film deposition apparatus by supplying a cleaning 
gas containing fluorine gas and an additive gas capable 
of promoting the activation of the fluorine gas into the 
reaction vessel heated at the predetermined tempera- 
ture, heating the cleaning gas at a predetermined tem- 
perature to activate the fluorine gas contained in the 
cleaning gas, and removing the deposits with the acti- 
vated fluorine gas. 

[0014] According to the present invention, the clean- 
ing gas is supplied into the reaction vessel heated at the 
predetermined temperature, the cleaning gas supplied 
into the reaction vessel is heated at the predetermined 
temperature, and thereby the fluorine gas contained in 
the cleaning gas is activated. Since the cleaning gas 
contains the additive gas capable of activating the fluo- 
rine gas, the activation of the fluorine gas is promoted. 
Since the activation of the fluorine gas is thus promoted, 
the deposits adhering to the interior of the thin film dep- 
osition apparatus can be etched at a high etch rate. The 
etch rate for the deposits is high and hence the temper- 
ature in the reaction vessel may be low. Thus, the tem- 
perature in the reaction vessel may be low during the 
removal of deposits deposited in the thin film deposition 
apparatus. 

[001 5] According to the thin film deposition apparatus 
cleaning method of the present invention, the deposits 
are removed and the interior of the thin film deposition 
apparatus is cleaned by supplying the cleaning gas con- 
taining fluorine gas and the additive gas capable of pro- 
moting the activation of the fluorine gas and of increas- 
ing the etch rate for the deposits without decreasing se- 
lectivity, i.e., the ratio of the etch rate for the deposit to 
that for the materials forming the internal members of 
the thin film deposition apparatus, into the reaction ves- 
sel in the cleaning step. 

[0016] According to the present invention, the clean- 
ing gas supplied into the reaction vessel etches the de- 
posits at a high etch rate without decreasing selectivity 
with respect to the materials forming the internal mem- 
bers of the thin film deposition apparatus owing to the 
agency of the additive gas. Consequently, the deposits 
deposited in the thin film deposition apparatus can be 
removed, suppressing the deterioration of the internal 
members of the thin film deposition apparatus, such as 
the reaction vessel and the jigs. 
[0017] According to the thin film deposition apparatus 
cleaning method of the present invention, chlorine gas, 



hydrogen fluoride gas, ammonia gas or hydrogen gas 
is used as an additive gas. 

[001 8] According to the thin film deposition apparatus 
cleaning method of the present invention the deposits 
5 to are removed to clean the interior of the thin film dep- 
osition apparatus by supplying a cleaning gas contain- 
ing fluorine gas and chlorine gas into the reaction vessel 
heated at the predetermined temperature in the clean- 
ing step. 

10 [0019] According to the present invention, the clean- 
ing gas contains fluorine gas and chlorine gas, and etch- 
es the deposits at a high etch rate without decreasing 
selectivity with respect to the materials forming the in- 
ternal members of the thin film deposition apparatus. 
Consequently, the deposits deposited in the thin film 
deposition apparatus can be removed, suppressing the 
deterioration of the interna! members of the thin film dep- 
osition apparatus, such as the reaction vessel and the 
jigs. 

[0020] According to the thin film deposition apparatus 
cleaning method of the present invention, the deposits 
are removed to clean the interior of the thin film deposi- 
tion apparatus by supplying a cleaning gas containing 
fluorine gas and hydrogen fluoride gas into the reaction 
vessel heated at a predetermined temperature in the 
cleaning step. 

[0021] According to the present invention, the clean- 
ing gas contains fluorine gas and hydrogen fluoride gas, 
and the deposits are etched at a high etch rate without 
decreasing selectivity with respect to the materials form- 
ing the internal members of the thin film deposition ap- 
paratus. Consequently, the deposits deposited in the 
thin film deposition apparatus are removed, suppress- 
ing the deterioration of the reaction vessel and the jigs. 
[0022] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas containing fluorine gas and hydrogen fluoride gas 
supplied such that the flow rate ratio between fluorine 
gas is supplied and hydrogen fluoride gas is in the range 
of 1 : 3 to 3 : 1 . 

[0023] When fluorine gas and hydrogen fluoride gas 
of the cleaning gas is supplied such that the flow rate 
ratio between fluorine gas and hydrogen fluoride gas is 
in the range of 1 :3to1 : 1 , the etch rate for the deposits 
deposited in the thin film deposition apparatus, and se- 
lectivity with respect to the materials forming the internal 
members of the thin film deposition apparatus are high. 
[0024] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas containing fluorine gas and hydrogen fluoride gas 
is supplied such that the flow rate ratio between fluorine 
gas are supplied and hydrogen fluoride gas is 1 : 1. 
[0025] In this case, selectivity with respect to quartz 
generally used for forming the internal members of thin 
film deposition apparatuses is high. 
[0026] According to the thin film deposition apparatus 
cleaning method of the present invention, fluorine gas 
and hydrogen fluoride gas are supplied respectively at 
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flow rates not lower than 2 l/min. 
[0027] In this case, the deposits deposited in the thin 
film deposition apparatus is etched at a high etch rate, 
and selectivity with respect to quartz is high. 
[0028] According to the thin film deposition apparatus 
cleaning method of the present invention, the deposits 
are removed to clean the interior of the thin film deposi- 
tion apparatus by supplying a cleaning gas containing 
fluorine gas and ammonia gas into a reaction vessel 
heated at a predetermined temperature. 
[0029] According to the present invention, the clean- 
ing gas containing fluorine gas and ammonia gas etches 
the deposits at a high etch rate without decreasing se- 
lectivity with respect to the materials forming the internal 
members of the thin film deposition apparatus. Conse- 
quently, the deposits deposited in the thin film deposition 
apparatus are removed, suppressing the deterioration 
of the reaction vessel and the jigs. 
[0030] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas containing fluorine gas and ammonia gas is sup- 
plied such that the flow rate ratio between fluorine gas 
and ammonia gas is in the range of 2 : 1 to 1 0 : 1 . 
[0031] In this case, the deposits deposited in the thin 
film deposition apparatus are etched at a high etch rate, 
and selectivity with respect to the materials forming the 
internal members of the thin film deposition apparatus 
is high. 

[0032] According to the thin film deposition apparatus 
cleaning method of the present invention, the deposits 
are removed to clean the interior of the thin film deposi- 
tion apparatus by supplying a cleaning gas containing 
fluorine gas and hydrogen gas is supplied into the reac- 
tion vessel heated at a predetermined temperature in 
the cleaning step. 

[0033] According to the present invention, the clean- 
ing gas containing fluorine gas and hydrogen gas etches 
the deposits at a high etch rate without decreasing se- 
lectivity with respect to the materials forming the internal 
members of the thin film deposition apparatus. Conse- 
quently, the deposits deposited in the thin film deposition 
apparatus are removed, suppressing the deterioration 
of the reaction vessel and the jigs. 
[0034] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas containing fluorine gas and hydrogen gas is sup- 
plied such that the flow rate ratio between fluorine gas 
and hydrogen gas is in the range of 5 : 1 to 5 : 3. 
[0035] In this case, the deposits deposited in the thin 
film deposition apparatus are etched at a high etch rate, 
and selectivity with respect to the materials forming the 
internal members of the thin film deposition apparatus 
is high. Silicon nitride can be etched at a high etch rate 
even if the flow rate of hydrogen gas is not controlled 
precisely. Consequently, the flow rate of hydrogen gas 
can easily be controlled. 

[0036] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 



gas containing fluorine gas and hydrogen gas is sup- 
plied such that the flow rate ratio between fluorine gas 
and hydrogen gas is 5 : 3, 

[0037] In this case, the etch rate for quartz generally 
s used for forming reaction vessels is low, so that the de- 
posits deposited in the thin film deposition apparatus 
can be removed, suppressing the deterioration of the 
reaction vessel. 

[0038] in the thin film deposition apparatus cleaning 
method according to the present invention, the materials 
forming the internal members of the thin film deposition 
apparatus include at least either quartz or silicon car- 
bide. 

[0039] According to the thin film deposition apparatus 
cleaning method of the present invention, the interior of 
the reaction vessel is heated at a temperature below 
400°C in the heating step. 

[0040] According to the thin film deposition apparatus 
cleaning method of the present invention, the interior of 
the reaction vessel is heated at a temperature in the 
range of 250°C to 380°C in the heating step. 
[0041 ] By heating the interior of the reaction vessel at 
temperatures in the aforesaid range, the deposits can 
be etched at a high etch rate, while suppressing the de- 
terioration of the reaction vessel and the jigs. 
[0042] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas is diluted with a diluent gas to produce a diluted 
cleaning gas, and the diluted cleaning gas is supplied 
into the reaction vessel. 

[0043] According to the thin film deposition apparatus 
cleaning method of the present invention, uses an inert 
gas is used as the diluent gas. 

[0044] By using the diluted cleaning gas, a cleaning 
time can be easily set in the cleaning step. 
[0045] In the thin film deposition apparatus cleaning 
method according to the present invention, silicon ni- 
tride films are formed on the workpieces, and in the 
cleaning step silicon nitride deposited in the thin film 
deposition apparatus is removed, when depositing the 
silicon nitride films on the workpieces with the cleaning 
gas. 

[0046] According to the present invention, a thin film 
deposition apparatus cleaning method of cleaning a thin 
film deposition apparatus by removing deposits adher- 
ing to the inner surface of an exhaust pipe after forming 
thin films on workpieces by supplying a process gas in 
a reaction vessel included in the thin film deposition ap- 
paratus and discharging gases from the reaction vessel 
in to the exhaust pipe comprises the steps of: heating 
an interior of the exhaust pipe at a predetermined tem- 
perature; and cleaning an interior of the exhaust pipe by 
supplying a cleaning gas containing fluorine gas and an 
additive gas capable of promoting the activation of the 
fluorine gas into the exhaust pipe heated at the prede- 
termined temperature in the heating step, heating the 
cleaning gas at a predetermined temperature to activate 
the fluorine gas contained in the cleaning gas, and re- 
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moving the' deposits with the activated fluorine gas. 
[0047] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas is supplied through the reaction vessel into the ex- 
haust pipe. 

[0048] According to the thin film deposition apparatus 
cleaning method of the present invention, the cleaning 
gas is supplied through an inlet port formed in the ex- 
haust pipe into the exhaust pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] 

Fig. 1 is a schematic view of a thermal processing 
apparatus to which a thermal film deposition appa- 
ratus cleaning method in a preferred embodiment 
according to the present invention is applied; 
Fig. 2 is a diagram of a recipe of assistance in ex- 
plaining the thermal film deposition apparatus 
cleaning method in the preferred embodiment ac- 
cording to the present invention; 
Fig. 3 is a table of cleaning conditions and results 
of execution of the thermal film deposition appara- 
tus cleaning method using chlorine gas as an addi- 
tive gas; 

Fig. 4 is a graph showing etch rates at which mate- 
rials are etched by using cleaning gases containing 
chlorine gas as an additive gas; 
Fig. 5 is a graph showing selectivities with respect 
to materials when cleaning gases containing chlo- 
rine gas as an additive gas are used; 
Fig. 6 is a table of cleaning conditions and results 
of execution of the thermal film deposition appara- 
tus cleaning method using hydrogen fluoride gas as 
an additive gas; 

Fig. 7 is a graph showing etch rates at which mate- 
rials are etched by using cleaning gases containing 
hydrogen fluoride gas as an additive gas; 
Fig. 8 is a graph showing selectivities with respect 
to materials when cleaning gases containing hydro- 
gen fluoride gas as an additive gas are used; 
Fig. 9 is a table of cleaning conditions and results 
of execution of the thermal film deposition appara- 
tus cleaning method using ammonia gas as an ad- 
ditive gas; 

Fig. 10 is a graph showing etch rates at which ma- 
terials are etched by using cleaning gases contain- 
ing ammonia gas as an additive gas; 
Fig. 1 1 is a graph showing selectivities with respect 
to materials when cleaning gases containing am- 
monia gas as an additive gas are used; 
Fig. 12 is a table of cleaning conditions and results 
of execution of the thermal film deposition appara- 
tus cleaning method using hydrogen gas as an ad- 
ditive gas; 

Fig. 13 is a graph showing etch rates at which ma- 
terials are etched by using cleaning gases contain- 



ing hydrogen gas as an additive gas; 
Fig. 14 is a graph showing selectivities with respect 
to materials when cleaning gases containing hydro- 
gen gas as an additive gas are used; and 
s Fig. 15 is a schematic view of a thermal processing 
apparatus of assistance in explaining the adhesion 
of reaction products to the thermal processing ap- 
paratus. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

[0050] A thin film deposition apparatus cleaning meth- 
od in a preferred embodiment according to the present 
invention will be described as applied to cleaning a 
is batch-furnace vertical thermal processing apparatus 
(thin film deposition apparatus) 1 shown in Fig. 1. The 
thermal processing apparatus 1 (thin film deposition ap- 
paratus) 1 to which this embodiment is applied will be 
described. 

20 [0051 ] Referring to Fig. 1 , the thermal processing ap- 
paratus 1 has a substantially cylindrical reaction tube 
(reaction vessel) 2 in a vertical position, and an exhaust 
pipe 1 7 for carrying gases discharged from the reaction 
tube 2. The reaction tube (reaction vessel) 2 is a double- 
ts wall structure consisting of an inner tube 3, and a topped 
outertube 4 covering the innertube'3 so that an annular 
space is defined between the inner tube 3 and the outer 
tube 4. The inner tube 3 and the outer tube 4 are formed 
of a heat-resistant material, such as quartz. 
30 [0052] The outer tube 4 is mounted on a manifold 5 
formed of a stainless steel (SUS). The manifold 5 is 
joined airtightly to the lower end of the outer tube 4. The 
inner tube 3 is supported on a support ring 6 formed in- 
tegrally with the manifold 5 so as to protrude from the 
35 inner circumference of the manifold 5. 

[0053] A cover 7 is disposed under the manifold 5. A 
boat elevator 8 moves the cover 7 vertically. The boat 
elevator 8 raises the cover 7 to close the bottom of the 
manifold 5, 

40 [0054] A wafer boat 9 formed of, for example, quartz 
is mounted on the cover 7. The wafer boat 9 is capable 
of holding a plurality of workpieces, for example, semi- 
conductor wafers 1 0 at predetermined spacing in a ver- 
tical arrangement. 

45 [0055] A heat-insulating member 11 is provided to 
surround the reaction tube 2. A heater 12 having a re- 
sistive heating element is attached to the inner surface 
of the side wall of the heat-insulating member 11 . 
[0056] A plurality of process gas supply pipes 13 are 

50 connected to the side wall of the manifold 5. Only one 
of the process gas supply pipes 13 is shown in Fig. 1. 
The process gas supply pipes 13 is open into the inner 
tube 3. For example, the process gas supply pipes 13 
are connected to parts, below the support ring 6 (below 

55 the innertubeS), of the side wall of the manifold 5. Proc- 
ess gases are introduced through the process gas sup- 
ply pipes 13 into the inner tube 3 so as to be delivered 
to the semiconductor wafers 1 0. 
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[0057] A cleaning gas supply pipe 14 is connected to 
the side wall of the manifold 5 so as to open into the 
inner tube 3. A cleaning gas is introduced through the 
cleaning gas supply pipe 14 into the inner tube 3. 
[0058] An exhaust port 15 is formed in a part, above 
the support ring 6, of the side wall of the manifold 5 so 
as to be open into the annular space between the inner 
tube Sand the outer tube 4 of the reaction tube 2. Waste 
gases produced inside the inner tube 3 are discharged 
through the annular space between the inner tube 3 and 
the outer tube 4, and the exhaust port 1 5. A purge gas 
supply pipe 1 6 is connected to a part, below the exhaust 
port 15, of the side wall of the manifold 1 5 to supply ni- 
trogen gas as a purge gas into the reaction tube 2. 
[0059] The exhaust pipe 1 7 is connected airtightly to 
the exhaust port 15. The exhaust pipe 17 is provided 
with a valve 18, and a vacuum pump 19 below the valve 
1 8. The opening of the valve 1 8 is adjusted to adjust the 
flow of gases through the exhaust pipe 17 to maintain 
the interior of the reaction tube 2 at a predetermined 
pressure. The vacuum pump 1 9 discharges gases from 
the reaction tube 2 through the exhaust pipe 1 7 and ad- 
justs the pressure in the reaction tube 2. 
[0060] A trap, a scrubber and such, not shown, are 
placed in the exhaust pipe 17 to discharge the waste 
gases discharged from the reaction tube 2 from the ther- 
mal processing apparatus 1 after rendering the waste 
gases harmless. 

[0061] A controller 20 is connected to the boat eleva- 
tor 8, the heater 12, the process gas supply pipes 13, 
the cleaning gas supply pipes 14, the purge gas supply 
pipe 16, the valve 18 and the vacuum pump 19. The 
controller 20 includes a microprocessor and a process 
controller. The controller 20 measures the temperatures 
and pressures of controlled parts of the thermal 
processing apparatus 1 , gives control signals produced 
on the basis of measured data to the controlled parts to 
control the controlled parts of the thermal processing ap- 
paratus 1 according to a recipe (sequence diagram) 
shown in Fig. 2. 

[0062] A thin film deposition apparatus cleaning meth- 
od in a preferred embodiment according to the present 
invention will be described as applied to cleaning the 
thermal processing apparatus 1 . The thin film deposition 
apparatus cleaning method will be described as applied 
to removing silicon nitride deposited in the thermal 
processing apparatus 1 during a film deposition process 
for depositing silicon nitride films on semiconductor wa- 
fers 10 to clean the interior of the thermal processing 
apparatus 1 , particularly, the interior of the reaction tube 
2 with reference to the recipe shown in Fig. 2. In the 
following description, it is assumed that the controller 20 
controls the operations of the components of the thermal 
processing apparatus 1. 

[0063] First the film deposition process will be de- 
scribed. 

[0064] The boat elevator 8 lowers the cover 7, and the 
wafer boat 9 holding semiconductor wafers 10 is mount- 



ed on the cover 7. A predetermined amount of nitrogen 
gas is supplied through the purge gas supply pipe 16 
into the reaction tube 2, the boat elevator 8 raises the 
cover 7 to load the wafer boat 9 into the reaction tube 
5 2. Thus, the semiconductor wafers 1 0 are contained in 
the inner tube 3 of the reaction tube 2, and the reaction 
tube 2 is sealed (Loading step), 
[0065] After the reaction tube 2 has been sealed, a 
predetermined nitrogen gas is supplied through the 
10 purge gas supply pipe 16 into the reaction tube 2, the 
opening of the valve 18 is controlled, and the vacuum 
pump 1 9 is actuated to discharge gases from the reac- 
tion tube 2 to start evacuating the reaction tube 2. The 
reaction tube 2 is evacuated until the pressure in the 
reaction tube 2 decreases to a predetermined pressure 
of, for example, 65.5 Pa (0.5 torr). In the meantime, the 
heater 12 heats the interior of the reaction tube 2 at, for 
example, 600°C. The pressure-decreasing operation 
and the heating operation are continued until the interior 
of the reaction tube 2 is stabilized at the predetermined 
pressure and the predetermined temperature (Stabiliz- 
ing step). 

[0066] After the interior of the reaction tube 2 has 
been stabilized at the predetermined pressure and the 
predetermined temperature, the supply of nitrogen gas 
through the purge gas supply pipe 16 is stopped. Then, 
hexachiorodisilane (Si 2 CI 6 ) and ammonia (NH 3 ) are 
supplied at predetermined supply rates, for example, 
0.1 l/min and 1 l/m, respectively, through the process 
gas supply pipes 13 into the inner tube 3. 
[0067] The hexachiorodisilane and ammonia intro- 
duced into the inner tube 3 are caused by heat in the 
reaction tube 2 to undergo a thermal decomposition re- 
action. Consequently, silicon nitride (Si 3 N 4 ) deposits on 
the surfaces of the semiconductor wafers 10 in silicon 
nitride films (Si 3 N 4 films) (Film deposition step). 
[0068] Afterthe silicon nitridefilms of a predetermined 
thickness have been formed on the surfaces of the sem- 
iconductor wafers 10, the supply of hexachiorodisilane 
and ammonia through the process gas supply pipes 13 
is stopped. Then, the vacuum pump 1 9 is actuated, the 
opening of the valve 18 is controlled and, at the same 
time, a predetermined amount of nitrogen gas is sup- 
plied through the purge gas supply pipe 1 6 to discharge 
the gases from the reaction tube 2 through the exhaust 
pipe 17 (Purging step). Preferably, the gas discharging 
operation and the nitrogen gas supply operation to dis- 
charge gases from the reaction tube 2 are repeated sev- 
eral times to ensure that all the gases are discharged 
completely from the reaction tube 2. 
[0069] Then, a predetermined amount of nitrogen gas 
is supplied through the purge gas supply pipe 16 into 
the reaction tube 2 to set the interior of the reaction tube 
at normal pressure. Subsequently, the boat elevator 8 
lowers the cover 7 to unload the wafer boat holding the 
semiconductor wafers 10 from the reaction tube 2 (Un- 
loading step). 

[0070] Silicon nitride produced by the film deposition 
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process deposits on (adhere to) not only the surfaces of 
semiconductor wafers 10, but also on the inner surfaces 
of the reaction tube 2, such as the Inner surface of the 
inner tube 3 formed of quartz, and on jigs formed of SIC 
as the film deposition process is repeated several times. 
A cleaning process for removing silicon nitride deposit- 
ed in the thermal processing apparatus 1 is performed 
after the film deposition process has been repeated a 
predetermined number of times. In the cleaning process 
supplies a cleaning gas containing fluorine gas (F 2 ), an 
additive gas for promoting the activation of fluorine gas, 
and nitrogen gas (N 2 ) as a diluent gas is supplied into 
the reaction tube 2 of the thermal processing apparatus 
1. The cleaning process for cleaning the thermal 
processing apparatus 1 will be described. 
[0071 ] After a predetermined amount of nitrogen gas 
has been supplied through the purge gas supply pipe 
16 into the reaction tube 2, a wafer boat 9 not holding 
any semiconductor wafers is mounted on the cover 7. 
Then the boat elevator 8 raises the cover 7 so that the 
reaction tube 2 is sealed. Subsequently, the supply of 
nitrogen gas through the purge gas supply pipe 16 is 
stopped, gases are discharged from the reaction tube 2 
to maintain the interior of the reaction tube 2 at a pre- 
determined pressure of, for example, 53,200 Pa (400 
torr) , and the heater 1 2 heats the reaction tube 2 to heat 
the interior of the reaction tube 2 at a predetermined 
temperature of, for example, 300°C (Heating step). 
[0072] Then, a predetermined amount of the cleaning 
gas is supplied through the cleaning gas supply pipe 1 4 
into the inner tube 3. The cleaning gas is heated in the 
inner tube 3. Consequently, the fluorine gas contained 
in the cleaning gas is activated and many reactive free 
atoms are produced. The additive gas contained in the 
cleaning gas promotes the activation of the fluorine gas. 
As the cleaning gas containing the activated fluorine gas 
flows from the interior of the inner tube 3 through the 
annular space formed between the inner tube 3 and the 
outer tube 4 into the exhaust pipe 1 7, the cleaning gas 
etches silicon nitride deposited on the inner and outer 
surfaces of the inner tube 3, the inner surface of the out- 
er tube 4, the inner surface of the exhaust pipe 1 7, the 
boat 9, and the jigs including a heat-insulating tube and 
placed in the thermal processing apparatus 1 . Thus, the 
silicon nitride deposited in the thermal processing appa- 
ratus 1 is removed (Cleaning step). 
[0073] After the silicon nitride deposited in the thermal 
processing apparatus has been removed, the supply of 
the cleaning gas through the cleaning gas supply pipe 
14 is stopped. Then, the valve 18 is opened properly, 
the vacuum pump 19 is actuated to discharge gases 
contained in the reaction tube 2 and, at the same time, 
nitrogen gas is supplied through the purge gas supply 
pipe 1 6 into the reaction tube 2 to purge the gases from 
the reaction tube 2 into the exhaust pipe 17 (Purging 
step). Preferably, the gas discharging operation and the 
nitrogen gas supply operation are repeated several 
times to ensure that all the gases are discharged com- 



pletely from the reaction tube 2. 
[0074] Then, the valve 1 8 is closed, a predetermined 
amount of nitrogen gas is supplied through the purge 
gas supply pipe 1 6 to set the interior of the reaction tube 

5 2 at normal pressure (Normal pressure setting step). 
Then , the boat elevator 8 lowers the cover 7, and a wafer 
boat 9 holding semiconductor wafers 1 0 is mounted on 
the cover 7. Then, the film deposition process for de- 
positing silicon nitride films on the semiconductor wafers 

10 10 is started in the thus cleaned thermal processing ap- 
paratus 1. 

[0075] The etch rates at which the cleaning gas etch- 
es materials, and selectivities (etching selectivities) of 
the cleaning gases with respect to materials were meas- 
15 ured to verify the effect of the embodi ment of the present 
invention. Each cleaning gas contained fluorine gas, an 
additive gas, and a diluent gas, such as nitrogen gas. 
The additive gas that promotes the activation of fluorine 
gas was chlorine gas (Cl 2 ), hydrogen fluoride gas (HF), 
ammonia gas (NH 3 ) or hydrogen gas (H 2 ). A thin film 
deposition apparatus cleaning method in Example 1 
used chlorine gas, thin film deposition apparatus clean- 
ing methods in Examples 2 to 5 used hydrogen fluoride 
gas, thin film deposition apparatus cleaning methods in 
Examples 6 to 8 used ammonia gas, and thin film dep- 
osition apparatus cleaning methods in Examples 9 to 11 
used hydrogen gas as additive gases, respectively. 
[0076] Three kinds of specimens, namely, specimens 
formed of quartz, specimens formed of SiC, specimens 
prepared by depositing 3 u.m thick silicon nitride films on 
quartz chips, were subjected to cleaning experiments. 
The specimens were held on a wafer boat 9, the wafer 
boat 9 was placed in the reaction tube 2, and the clean- 
ing gases were supplied into the reaction tube 2 to clean 
the specimens. Then, the specimens thus cleaned were 
measured to determine etch rates and selectivities for 
the specimens. Etch rates were calculated from weight 
changes of the specimens caused by the cleaning proc- 
ess. The interior of the reaction tube 2 was heated at 
300°C, and the pressure in the reaction tube 2 was ad- 
justed to 53,200 Pa (400 torr) for the cleaning experi- 
ments. 

[0077] Selectivity (etching selectivity) is an etch rate 
ratio between the materials of the specimens. For ex- 
ample, silicon nitride selectivity with respect to quartz is 
the ratio of silicon nitride etch rate to quartz etch rate. 
The etch rates for specimens were determined by the 
types and supply rate of additive gases, and the supply 
rate of the diluent gas. 

Example 1 

[0078] In a thin film deposition apparatus cleaning 
method in Example 1 , fluorine gas, chlorine gas and ni- 
trogen gas are supplied at 2 i/min, 0.35 l/min and 8 I/ 
min, respectively, that is to say, a cleaning gas is sup- 
plied at 1 0.35 l/min through the cleaning gas supply pipe 
14 into the reaction tube 2. Figs. 3 to 5 show measured 
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etch rates, and measured Si 3 N 4 selectivities when the 
specimens were cleaned by the thin film deposition ap- 
paratus cleaning method in Example 1 using chlorine 
gas as an additive gas, together with those in a thin film 
deposition apparatus cleaning method in Comparative 
example 1 using a cleaning gas containing fluorine gas 
and nitrogen gas and not containing chlorine gas, and 
those in a thin film deposition apparatus cleaning meth- 
od in Comparative example 2 using a cleaning gas con- 
taining fluorine gas and nitrogen gas and heating the 
interior of the reaction tube 2 at 400°C. 
[0079] it is known from the comparative examination 
of data on the results of cleaning by Example 1 and 
Comparative example 1 shown in Figs. 3 and 4 that the 
cleaning gas containing chlorine gas is capable of etch- 
ing silicon nitride at a high etch rate without heating the 
reaction tube 2 at an elevated temperature. It is consid- 
ered that the chlorine gas contained in the cleaning gas 
promoted the activation of the cleaning gas. 
[0080] It is known from the comparative examination 
of data on the results of cleaning by Example 1 and 
Comparative example 1 shown in Figs. 3 and 4 that 
Si 3 N 4 selectivities with respect to quartz and SiC are 
high when the cleaning gas containing chlorine gas is 
used because the rates of increases in etch rates for 
quartz and SiC are smaller than that of increase in the 
etch rate for Si 3 N 4 . Thus, Si 3 N 4 selectivity does not de- 
crease when the cleaning gas containing chlorine gas 
is used, and silicon nitride adhering to the innersurfaces 
of the reaction tube 2 can be removed without deterio- 
rating the reaction tube 2 and the jigs by using the clean- 
ing gas containing chlorine gas. Particularly, the Si 3 N 4 
selectivity with respect to SiC achieved by Example 1 is 
about four times that achieved by Comparative example 

1 and is about eight times that ach ieved by Comparative 
example 2. Thus, Example 1 is effective in suppressing 
the deterioration of jigs formed of SiC. 

[0081] Although the silicon nitride etch rate in Com- 
parative example 2 that heats the reaction tube 2 at 
400°C is high as compared with those in Example 1 and 
Comparative example 1, in Comparative example 2 
quartz and SiC are etched at high etch rates. Conse- 
quently, as shown in Figs 3 and 4, the Si 3 N 4 selectivities 
with respect to quartz and SiC are low. Thus when sili- 
con nitride deposited in the thermal processing appara- 
tus 1 is removed in Comparative example 2 , the reaction 
tube 2 of quartz and the jigs of SiC inevitably deteriorate. 
[0082] It is proved from the above experiments that it 
is preferable to heat the reaction tube 2 at a low temper- 
ature of 300°C lower than 400°C and to use a cleaning 
gas containing chlorine gas to etch silicon nitride at a 
high etch rate without decreasing Si 3 N 4 selectivity 
(maintaining Si 3 N 4 selectivity at a high level). 
[0083] It is preferable to heat the interior of the reac- 
tion tube 2 at a temperature below 400°C for the clean- 
ing step, because it is possible that the reaction vessel 

2 of quartz and the jigs of SiC are deteriorated when the 
interior of the reaction tube 2 is heated at temperatures 



above 400°C. More preferably, the temperature in the 
reaction tube 2 for the cleaning step is in the range of 
250°C to 380°C. The cleaning gas is not satisfactorily 
activated, silicon nitride etch rate is low and silicon ni- 
5 tride cannot be etched at a desirable etch rate, if the 
temperature in the reaction tube 2 is below 250°C. 
Quartz and SiC are etched at high etch rates and Si 3 N 4 
selectivity is low, if the temperature in the reaction tube 
2 is higher than 380°C. 

[0084] The cleaning gas containing chlorine gas is ca- 
pable of etching silicon nitride at a high etch rate, and 
hence the temperature in the reaction tube 2 in the 
cleaning step can further be lowered when the cleaning 
gas containing chlorine gas is used. The deterioration 
of the reaction tube 2 and the jigs can be suppressed 
by heating the interior of the reaction tube 2 at lower 
temperatures. 

[0085] Preferably the cleaning gas contains nitrogen 
gas as a diluent gas. Due to the dilution of the cleaning 
gas with nitrogen gas, the duration of the cleaning proc- 
ess can be easily set. A cleaning gas not containing ni- 
trogen gas is highly reactive. Therefore, the duration of 
the cleaning process must precisely be determined with 
difficulty if a cleaning gas not containing nitrogen gas is 
to be used. The dilution of the cleaning gas with nitrogen 
gas is economically advantageous. 

Examples 2 to 5 

[0086] In thin film deposition apparatus cleaning 
methods in Examples 2 to 5, cleaning gases containing 
HF gas are used as an additive gas. Etch rates and se- 
lectivities in Examples 2 to 5 were determined by a 
method similar to that of Example 1 . In a thin film dep- 
osition apparatus cleaning method in Example 2, fluo- 
rine gas, hydrogen fluoride gas and nitrogen gas at 1 .5 
l/min, 0.5 l/min and 8 l/min were supplied respectively. 
That is to say a cleaning gas at 10 l/min in total into the 
inner tube 3 heated at 300°C and maintained at a pres- 
sure of 53,200 Pa (400 torr). In the thin film deposition 
apparatus cleaning methods in Examples 3 to 5, clean- 
ing gases having fluorine gas concentrations and hydro- 
gen fluoride concentrations different from those of the 
cleaning gas used in Example 2 were used. In a thin film 
deposition apparatus cleaning method in Comparative 
example 3, a cleaning gas containing hydrogen fluoride 
gas and nitrogen gas was used and the reaction tube 2 
was heated at300°C. In a thin film deposition apparatus 
cleaning method in Comparative example 4, fluorine 
gas, hydrogen fluoride gas and nitrogen gas were sup- 
plied at 1 l/min, 1 l/min and 8 l/min, respectively. That is 
to say, cleaning gas was supplied in total at 1 0 l/min into 
the reaction tube 2 heated at 400°C. Figs. 6 to 8 show 
measured results. 

[0087] It is obviously known, from the comparative ex- 
amination of data on the result of cleaning in Compara- 
tive example 1 using the cleaning gas not containing hy- 
drogen fluoride gas shown in Figs. 3 and 4, and data 
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shown in Figs. 6, 7 and 8, that the cleaning gas contain- 
ing hydrogen fluoride gas is capable of etching silicon 
nitride at a high etch rate and has high Si 3 N 4 selectivities 
with respect to quartz and SiC. The cleaning gas con- 
taining hydrogen fluoride gas, similarly to the cleaning 
gas containing chlorine gas, is capable of removing sil- 
icon nitride adhering to the inner surfaces of the reaction 
tube without deteriorating the reaction tube 2 and the 
jigs. 

[0088] It is known from data on the result of cleaning 
by Examples 2 to 4 that it is preferable to supply the 
cleaning gas into the inner tube 3 so that the flow rate 
ratio between fluorine gas and hydrogen fluoride gas is 
in the range of 1 : 3 to 3 : 1 . A cleaning gas having such 
fluorine gas and hydrogen fluoride gas concentrations 
is capable of etching silicon nitride at a high etch rate, 
[0089] Particularly, the cleaning gas used in Example 
3 and supplied so that the flow rate ratio between fluo- 
rine gas and hydrogen fluoride gas is 1 : 1 , can further 
increase silicon nitride etch rate and further decrease 
quartz etch rate. Consequently, the Si 3 N 4 selectivity with 
respect to quartz can further be increased, and hence 
silicon nitride adhering to the inner surfaces of the reac- 
tion tube 2 can be removed without deteriorating the re- 
action tube 2 and the jigs. 

[0090] As is apparent from data on the result of clean- 
ing by Example 5, silicon nitride etch rate can further be 
increased and quartz etch rate can further be decreased 
when fluorine gas and hydrogen fluoride gas are sup- 
plied at an increase flow rate of 2 l/min. Thus, it is pref- 
erable to increase the respective flow rates of fluorine 
gas and hydrogen fluoride gas, while maintaining the 
flow rate ratio between fluorine gas and hydrogen fluo- 
ride gas at 1 : 1 . 

[0091 ] As is apparent from data on the result of clean- 
ing by Example 3 and Comparative example 4, although 
silicon nitride etch rate increases when the temperature 
of the reaction tube 2 is raised from 300°C to 400°C, 
quartz etch rate and SiC etch rate increases greatly and, 
consequently, Si 3 N 4 selectivity decreases. Thus, it was 
proved that it is preferable that in the cleaning process, 
similarly to the cleaning process using the cleaning gas 
containing chlorine gas, the interior of the reaction tube 
2 was at 300°C lower than 400°C and a cleaning gas 
containing hydrogen fluoride gas was used to enhance 
silicon nitride etch rate without decreasing Si 3 N 4 selec- 
tivity (maintaining Si 3 N 4 selectivity at a high level). It is 
preferable that in the cleaning step using the cleaning 
gas containing hydrogen fluoride gas, similarly to the 
cleaning step using the cleaning gas containing chlorine 
gas, heats the interior of the reaction tube 2 was heated, 
for the cleaning step, at temperatures below 400°C. 
More preferably, the temperature in the reaction tube for 
the cleaning step is in the range of 250°C to 380°C. 

Examples 6 to 8 

[0092] In thin film deposition apparatus cleaning 



methods in Examples 6 to 8, cleaning gases containing 
ammonia gas were used as an additive gas. Etch rates 
and selectivities in by Examples 6 to 8 were determined 
by a method similar to that in Example 1 . In a thin film 
5 deposition apparatus cleaning method in Example 6, flu- 
orine gas, ammonia gas and nitrogen gas at 1 .78 l/min, 
0.17 l/min and 8.05 l/min were supplied, respectively. 
That is to say, a cleaning gas was supplied in total at 1 0 
l/min into the inner tube 3 heated at 300°C and main- 
10 tained at a pressure of 53,200 Pa (400 torr). In thin film 
deposition apparatus cleaning methods in Examples 7 
and 8, cleaning gases having fluorine gas concentra- 
tions and ammonia gas concentrations different from 
those of the cleaning gas used in Example 6 were used. 
15 Measured data on the result of cleaning by Examples 6 
to 8 is shown in Figs. 9 to 1 1 . 

[0093] It is obviously known, from the comparative ex- 
amination of data on the result of cleaning in Compara- 
tive example 1 using the cleaning gas not containing 
ammonia gas shown in Figs. 3 and 4, and data shown 
in Figs. 9 and 10, that the cleaning gas containing am- 
monia gas is capable of etching silicon nitride at a high 
etch rate and has high Si 3 N 4 selectivities with respect 
to quartz and SiC as shown in Figs. 9 and 1 1 . The clean- 
ing gas containing ammonia gas, similarly to the clean- 
ing gas containing chlorine gas, is capable of removing 
silicon nitride adhering to the inner surfaces of the reac- 
tion tube 2 without deteriorating the reaction tube 2 and 
the jigs. 

[0094] It is preferable to supply the cleaning gas into 
the inner tube 3 like Examples 6 to 8, such that the flow 
rate ratio between fluorine gas and ammonia gas is in 
the range of 2 : 1 and 10:1. Such a cleaning gas is 
capable of etching silicon nitride at a high etch rate. It is 
more preferable to supply the cleaning gas into the inner 
tube 3 such that the flow rate ratio between fluorine gas 
and ammonia gas is in the range of 3 : 1 and 7:1. Par- 
ticularly, the cleaning gas supplied such that the flow 
rate ratio between fluorine gas and ammonia gas in car- 
rying out Example 7 is about 4.5 : 1 , can increases sili- 
con nitride etch, and decrease quartz etch rate. Thus, 
silicon nitride selectivity with respect to quartz can be 
increased. Consequently, silicon nitride adhering to the 
inner surfaces of the reaction tube 2 can be removed 
without deteriorating the reaction tube 2 and the like. 

Examples 9 to 11 

[0095] In thin film deposition apparatus cleaning 
methods in Examples 9 to 1 1 , cleaning gases containing 
hydrogen gas were used as an additive gas. Etch rates 
and selectivities in Examples 9 to 11 were determined 
by a method similar to that of Example 1 . In a thin film 
deposition apparatus cleaning method in Example 9, flu- 
orine gas, hydrogen gas and nitrogen gas at 1 .78 l/min, 
0.37 l/min and 8 l/min were supplied respectively. That 
is to say, a cleaning gas was in total supplied at 10.12 
l/min into the inner tube 3 heated at 300°C and main- 
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tained at a pressure of 53,200 Pa (400 torr). In thin film 
deposition apparatus cleaning methods in Examples 10 
and 1 1 , cleaning gases having fluorine gas concentra- 
tions and hydrogen gas concentrations different from 
those of the cleaning gas used in Example 9 were used, 
Measured data on the result of cleaning in Examples 9 
to 11 is shown in Figs. 12 to 14. 
[0096] it is obviously known, from the comparative ex- 
amination of data on the result of cleaning in Compara- 
tive example 1 using the cleaning gas not containing hy- 
drogen gas shown in Figs. 3 and 4, and data shown in 
Figs. 12 and 13, that the cleaning gas containing hydro- 
gen gas is capable of etching silicon nitride at a high 
etch rate and has high Si 3 N 4 selectivities with respect 
to quartz and SiC as shown in Figs. 12 and 14. The 
cleaning gas containing hydrogen gas, similarly to the 
cleaning gas containing chlorine gas, is capable of re- 
moving silicon nitride adhering to the inner surfaces of 
the reaction tube 2 without deteriorating the reaction 
tube 2 and the jigs. 

[0097] it is preferable to supply the cleaning gas into 
the innertube 3 like Examples 9 to 11 , such that the flow 
rate ratio between fluorine gas and hydrogen gas is in 
the range of 5 : 1 and 5 : 3. Such a cleaning gas is ca- 
pable of etching silicon nitride at a high etch rate. It was 
verified that the silicon nitride etching effect of the clean- 
ing gas does not change significantly even if the flow 
rate ratio between fluorine gas and hydrogen gas 
changes in the range of 5 : 1 and 5 : 3. Therefore, high 
silicon nitride etch rate can be achieved even if the flow 
rate of hydrogen is not controlled precisely. Thus, the 
use of hydrogen gas as an additive gas can facilitate the 
control of the flow rate of the additive gas. 
[0098] Quartz etch rate does not increase even if the 
flow rate of hydrogen gas is increase so that the flow 
rate ratio between fluorine gas and hydrogen gas is 5 : 
3 (Example 11). Consequently, the Si 3 N 4 selectivity with 
respect to quartz can further be increased and silicon 
nitride adhering to the inner surfaces of the reaction tube 
2 can be removed without deteriorating the reaction tube 
2 and the like. 

[0099] As is apparent from the foregoing description, 
according to the present invention, the cleaning gas 
containing the additive gas is capable of etching silicon 
nitride at a high etch rate without heating the reaction 
tube 2 at an elevated temperature. Since the Si 3 N 4 se- 
lectivity does not decrease when the cleaning gas con- 
taining the additive gas is used, and hence the reaction 
tube and the jigs are not deteriorated easily. Conse- 
quently, silicon nitride adhering to the inner surfaces of 
the thermal processing apparatus can be removed with- 
out deteriorating the reaction tube 2 and the jigs. 
[0100] According to the present invention, the clean- 
ing gas containing the additive gas is capable of etching 
silicon nitride at a high etch rate, and hence the reaction 
tube 2 may be heated at a comparatively low tempera- 
ture for the cleaning step, which further reduces the de- 
teriorating effect of the cleaning step on the reaction 



tube 2 and the jigs. 

[0101] According to the present invention, the clean- 
ing gas containing nitrogen gas as a diluent can facilitate 
setting a cleaning time for the cleaning process. 

5 [0102] The present invention is not limited in its prac- 
tical application to the foregoing embodiments, and var- 
ious modifications of the foregoing embodiments and 
applications of those are possible. Modifications accord- 
ing to the present invention wilf be described. 

10 [01 03] The cleaning gas may contain any type of gas 
as an additive gas, provided that the additive gas is ca- 
pable of promoting the activation of fluorine gas. Such 
a cleaning gas etches silicon nitride at a high etch rate. 
The cleaning gas may contain any type of additive gas, 

15 provided that the cleaning gas is capable of etching sil- 
icon nitride at a high etch rate without decreasing Si 3 N 4 
selectivity with respect to materials forming the internal 
members of the thermal processing apparatus 1 , such 
as quartz and SiC. The reaction tube 2 and the jigs are 

20 not deteriorated significantly when the cleaning gas has 
a high Si 3 N 4 selectivity. The additive gas may be a hal- 
ogen gas, such as bromine gas (Br 2 ) instead of chlorine 
gas, hydrogen fluoride gas, ammonia gas or hydrogen 
gas. 

25 [0104] Although the invention has been described as 
applied to removing silicon nitride deposited on the inner 
surfaces of the thermal processing apparatus 1, the 
present invention is applicableto removing deposits oth- 
er than the silicon nitride deposit; the present invention 

30 can be applied to removing, for example, polysiiicon, ti- 
tanium oxide, tantalum oxide, silica, silicone-germani- 
um (SiGe), BSTO (BaSrTi0 3 ) and STO (SrTi0 3 ). The 
deposit is not necessarily a reaction product, and may 
be a reaction byproduct, such as ammonium chloride. 

35 [0105] When the reaction product, such as silicon ni- 
tride, and a reaction byproduct, such as ammonium 
chloride or a Si-CI-N-H compound, deposited particular- 
ly on the inner surface of the exhaust pipe 1 7 of the ther- 
mal processing apparatus 1 , those deposits can effeo 

40 tively be removed with the cleaning gas containing flu- 
orine gas and the additive gas that promotes the activa- 
tion of fluorine gas. 

[01 06] To remove the deposits deposited on the inner 
surface of the exhaust pipe 1 7, the cleaning gas is sup- 

45 plied through the reaction tube 2 into the exhaust pipe 
17. The cleaning gas may be supplied through an inlet 
port 1 7a formed in the exhaust pipe 1 7 into the exhaust 
pipe 1 7. The deposits deposited on the inner surface of 
the exhaust pipe 17 can effectively removed by heating 

50 the exhaust pipe 17 with an exhaust pipe heater 17b. 
[0107] Although the foregoing embodiments of the 
present invention use the cleaning gases containing ni- 
trogen gas as the diluent gas, the cleaning gases do not 
necessarily need to contain the diluent gas. However, it 

55 is preferable to use a cleaning gas containing a diluent 
gas because the cleaning gas containing the diluent gas 
facilitates setting a cleaning time for the cleaning proc- 
ess. Preferably, the diluent gas is an inert gas. For ex- 
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ample, helium gas (He), neon gas (Ne) orargon gas (Ar) 
may be used instead of nitrogen gas. 
[0108] Although the foregoing embodiments of the 
present invention sets the pressure in the reaction tube 
3 at 53,200 Pa (400 torr) to clean the interior of the ther- 
mal processing apparatus 1 , the pressure in the reaction 
tube 3 is not limited thereto. The cleaning of the thermal 
processing apparatus 1 may be carried out once every 
several cycles of the film deposition process or once 
every one cycle of the film deposition process. The life 
of the internal components formed of quartz and SiC of 
the thermal processing apparatus 1 can further be ex- 
tended by cleaning the interior of thethermal processing 
apparatus once every one cycle of the film deposition 
process. 

[0109] Although the invention has been described as 
applied to cleaning the batch-furnace vertical thermal 
processing apparatus provided with the double-wall re- 
action tube 2 consisting of the innertube 3 and the outer 
tube 4, the present invention is not limited thereto in its 
practical application. For example, the present invention 
is applicable to cleaning a batch-furnace thermal 
processing apparatus provided with a reaction tube not 
having any tube corresponding to the innertube 3. The 
workpieces are not limited to semiconductor wafers 10, 
and may be, for example, glass substrates for LCDs. 
[01 1 0] As is apparent from the foregoing description, 
according to the present invention, the deposits depos- 
ited in the thermal processing apparatus can be re- 
moved without significantly deteriorating the reaction 
vessel and the jigs. 



Claims 

1 . A thin film deposition apparatus cleaning method of 
cleaning a thin film deposition apparatus by remov- 
ing deposits adhering to an innersurfaces of thethin 
film deposition apparatus after depositing thin films 
on workpieces by supplying a process gas into a 
reaction vessel included in the thin film deposition 
apparatus, said thin film deposition apparatus 
cleaning method comprising the steps of; 

heating an interior of the reaction vessel at a 
predetermined temperature; and 
cleaning an interior of the thin film deposition 
apparatus by supplying a cleaning gas contain- 
ing fluorine gas and an additive gas capable of 
promoting the activation of the fluorine gas into 
the reaction vessel heated at the predeter- 
mined temperature, heating the cleaning gas at 
a predetermined temperature to activate the 
fluorine gas contained in the cleaning gas, and 
removing the deposits with the activated fluo- 
rine gas. 

2. The thin film deposition apparatus cleaning method 



according to claim 1 , wherein 

the deposits are removed and the interior of 
thethin film deposition apparatus is cleaned by sup- 
plying the cleaning gas containing fluorine gas and 
5 the additive gas capable of promoting the activation 

of the fluorine gas and of increasing etch rate for 
the deposits without decreasing selectivity with re- 
spect to the materials forming the internal members 
of the thin film deposition apparatus, into the reac- 
10 tion vessel in the cleaning step. 

3. The thin film deposition apparatus cleaning method 
according to claim 2, wherein 

the additive gas is chlorine gas, hydrogen flu- 
15 oride gas, ammonia gas or hydrogen gas. 

4. The thin film deposition apparatus cleaning method 
according to claim 3, wherein 

the deposits are removed to clean the interior 
20 of the thin film deposition apparatus by supplying a 
cleaning gas containing fluorine gas and chlorine 
gas into the reaction vessel heated at the predeter- 
mined temperature in the cleaning step. 

25 5. The thin film deposition apparatus cleaning method 
according to claim 3, wherein 

the deposits are removed to clean the interior 
of the thin film deposition apparatus by supplying a 
cleaning gas containing fluorine gas and hydrogen 
30 fluoride gas into the reaction vessel heated at a pre- 
determined temperature in the cleaning step. 

6. The thin film deposition apparatus cleaning method 
according to claim 3 or 5, wherein 
35 the cleaning gas containing fluorine gas and 

hydrogen fluoride gas is supplied such that the flow 
rate ratio between fluorine gas and hydrogen fluo- 
ride gas is in the range of 1 : 3 to 3 : 1 . 

40 7. The thin film deposition apparatus cleaning method 
according to claim 6, wherein 

the cleaning gas containing fluorine gas and 
hydrogen fluoride gas is supplied such that the flow 
rate ratio between fluorine gas and hydrogen fluo- 
45 ride gas is 1 : 1 . 

8. The thin film deposition apparatus cleaning method 
according to claim 7, wherein 

fluorine gas and hydrogen fluoride gas are 
50 supplied at a flow rates not lower than 2 l/min re- 
spectively. 

9. The thin film deposition apparatus cleaning method 
according to claim 3, wherein 

55 the deposits are removed to clean the interior 

of the thin film deposition apparatus by supplying a 
cleaning gas containing fluorine gas and ammonia 
gas into the reaction vessel heated at a predeter- 
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mined temperature in the cleaning step. 

1 0. The thin film deposition apparatus cleaning method 
according to claim 9, wherein 

the cleaning gas containing fluorine gas and 
ammonia gas is supplied such that the flow rate ra- 
tio between fluorine gas and ammonia gas is in the 
range of 2 : 1 to 1 0 : 1 . 

1 1 . The thin film deposition apparatus cleaning method 
according to claim 3, wherein 

the deposits are removed to clean the interior 
of the thin film deposition apparatus by supplying a 
cleaning gas containing fluorine gas and hydrogen 
gas into the reaction vessel heated at a predeter- 
mined temperature in the cleaning step. 

12. The thin film deposition apparatus cleaning method 
according to claim 1 1 , wherein 

the cleaning gas containing fluorine gas and 
hydrogen gas is supplied such that the flow rate ra- 
tio between fluorine gas and hydrogen gas is in the 
range of 5 : 1 to 5 : 3. 

13. The thin film deposition apparatus cleaning method 
according to claim 12, wherein 

the cleaning gas containing fluorine gas and 
hydrogen gas is supplied such that the flow rate ra- 
tio between fluorine gas and hydrogen gas is 5 : 3. 

14. The thin film deposition apparatus cleaning method 
according to claim 1 , wherein 

internal members of the thin film deposition 
apparatus are formed of at least either quartz or sil- 
icon carbide. 

15. The thin film deposition apparatus cleaning method 
according to claim 1 , wherein 

the interior of the reaction vessel is heated at 
a temperature below 400°C in the heating step. 

16. The thin film deposition apparatus cleaning method 
according to claim 15, wherein 

the interior of the reaction vessel is heated at 
a temperature in the range of 250°C to 380°C in the 
heating step. 

17. The thin film deposition apparatus cleaning method 
according to claim 1 , wherein 

the cleaning gas is diluted with a diluent gas 
to produce a diluted cleaning gas, and the diluted 
cleaning gas is supplied into the reaction vessel. 

1 8. The thin film deposition apparatus cleaning method 
according to claim 17, wherein 

the diluent gas is an inert gas. 

19. The thin film deposition apparatus cleaning method 



according to claim 1 , wherein 

thin films formed on the workpieces are silicon 
nitride films, and 

the silicon nitride deposited in the thin film 
5 deposition apparatus is removed in the cleaning 
step, when depositing the silicon nitride films on the 
workpieces with the cleaning gas. 

20. A thin film deposition apparatus cleaning method of 
10 cleaning a thin film deposition apparatus by remov- 
ing deposits adhering to the inner surface of an ex- 
haust pipe afterforming thin films on workpieces by 
supplying a process gas into a reaction vessel in- 
cluded in the thin film deposition apparatus, and dis- 

15 charging gases from the reaction vessel into the ex- 
haust pipe, said thin film deposition apparatus 
cleaning method comprising the steps: 

heating an interior of the exhaust pipe at a pre- 
zo determined temperature; and 

cleaning an interior of the exhaust pipe by sup- 
plying a cleaning gas containing fluorine gas. 
and an additive gas capable of promoting the 
activation of the fluorine gas into the exhaust 
25 pipe heated at the predetermined temperature 

in the heating step, heating the cleaning gas at 
a predetermined temperature to activate the 
fluorine gas contained in the cleaning gas, and 
removing the deposits with the activated fluo- 
30 rinegas. 

21 . The thin film deposition apparatus cleaning method 
according to claim 20 wherein 

the cleaning gas is supplied through the reac- 
ts tion vessel into the exhaust pipe. 

22. The thin film deposition apparatus cleaning method 
according to claim 20, wherein 

the cleaning gas is supplied through an inlet 
^0 port formed in the exhaust pipe into the exhaust 
pipe. 
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